Ferritin forms dynamic oligomers to associate with microtubules in vivo: implication for the role of microtubules in iron metabolism.
Ferritin, a ubiquitously distributed iron storage protein, has been reported to interact with microtubules in vitro (Hasan et al., 2005, FEBS journal 272:822-831). Here, we demonstrate that ferritin binds with the microtubules in an oligomeric form and that the microtubule-bound ferritin contains more than two-fold amount of iron compared to the unbound ferritin fraction in vitro. Indirect immunofluorescence microscopy showed that a significant fraction of the ferritin molecules colocalized with the microtubules as oligomers in a wide variety of cell lines. These findings are consistent with the immediate oligomerization of rhodamine-labeled ferritin, microinjected in living human hepatoma cells. Ferritin oligomers were dynamic in the cytoplasm, and an anti-microtubule drug significantly inhibited their intracellular movement. Treatment of cells with an iron donor, ferric ammonium citrate, remarkably increased the number of cells containing ferritin oligomers. On the other hand, when the cells, such as mouse neuroblastoma cells, were deprived of iron, ferritin oligomers were localized in the microtubule dense, neurite shafts, but were disappeared from the microtubule deficient neurite tips. These data indicate that the microtubules provide a scaffold for the cytoplasmic distribution and transport of the iron-rich ferritin and implicate the role of microtubules in iron metabolism.